Methods and results: By avoiding fetal bovine serum-based buffers, significantly increasing the amounts of transfected plasmid and Env-specific antibody and by selecting a bright, biotin + streptavidin-PE detection system, we were able to increase the surface expression of transfected Env protein.
of conformational changes that expose more antigenic sites. 9, 10 These conformational changes do not represent native Env protein, and it is unlikely virions in vivo would survive with these newly exposed antigenic sites. Therefore, using c-tail Env to study Env structure or Envreceptor interaction, or to design Env targeted therapeutics, is not ideal.
Furthermore, studies have shown the dependence of increased Env expression to elicit an antibody response against the glycoprotein.
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Increasing Env surface expression should not greatly impact the virus, as the number of Envs that can be incorporated into viral particles is limited; this includes those produced by 293T cells (used to generate pseudovirions). This is because the virion has a minimal Gag-to-Env ratio 12 of 45:1 to 70:1. Thus, increasing Env surface expression should not have any deleterious effects on pseudovirus production. While previous studies have used WT Env to study cell-cell infection and produce pseudovirus, we have found that using conventional amounts of WT Env (as described for pseudovirus production in Li et al 13 to study antibody-Env interaction) is simply not sufficient, as there is not enough Env signal to detect antibody-Env interaction by flow cytometry. Additionally, detection of Env on the cell surface has proven tricky. Studying the distribution of viral proteins at small spatial scales requires an optical resolution that is beyond the limit of light microscopy (∼200 nm) and is only visible with new super-resolution fluorescence microscopy techniques. 14 Fluorescence microscopy of HIV-1-producing cells shows patchy signals of both Gag and Env at the plasma membrane with low correlation coefficients, and the resolution of light microscopy is not sufficient to discern adjacent individual budding sites. 14 Therefore, increasing native Env expression will aid not only in studying antibody responses to Env but also in visualizing it and its interactions as well.
Since most studies of surface expression have used c-tail mutants, and expression of native Env is typically poor, we sought a more sensitive protocol for expressing and detecting native cell-surface Env for future structural studies and analyses of Ab binding. 
| METHODS
The detailed protocol used is described below: and take an aliquot for counting. Spin again.
9. Resuspend cells at 1 million/mL. In order to reduce nonspecific binding, 1% BSA was used in place of FBS for all buffers, and a 1-hour 3% BSA blocking step was included after the viability stain in an effort to further reduce background We proceeded to test a 20-μg transfection as, at 4°C, it appeared that increased plasmid may improve Env detection. Given Figure 2B ) that even at 50-μg/ mL mAb, saturation of the Env signal was not observed, nor was there a prozone/"hook effect," wherein too much mAb can inhibit binding and give the same result as not enough mAb in the assay. 30 We hypothesized that due to the minimal amount of Env on the cells' surface, an increased mAb concentration might further improve Env detection. MAbs were titrated from 200 μg/mL ( Figure 2B ). At these conditions, additional Env mAbs were tested, including the V2-specific mAbs 830A, 697-D, 2158, and PG9; the CD4 binding site-specific mAb 559; and gp41 MPER mAb 4e10, gp41 cluster II mAb 98-6, and the gp41 cluster I mAb 240-D ( Figure 1E ). Even at 200 μg/mL, all but 559 did not reach 
| DISCUSSION
The ability to study HIV Env in order to better understand virus-receptor interaction and design therapeutics is contingent upon being able to recreate WT native Env protein. Because of the inability to express Env in sufficient quantity on the cell surface, previous investigators have utilized tail mutants. 31 This method succeeds in placing more
Env on the membrane, but at the cost of structural and antigenic accuracy. 8, 9 Without the proper native structure and antigenic sites, there is no guarantee that therapies designed in these systems will be effective in vivo. Here, we describe how to express and detect native Env Env expression in an in vivo setting might trigger the immune system more quickly and severely than WT virus. However, as we are using this in vitro to assay for antibody binding, this is not a concern in our system. Additionally, effector function assays could be augmented in the presence of increased Env density. However, killing assays could be performed, as increased Env expression could enhance effector function and allow for detection/study of MHC and antibody independent lysis. 32 As we have demonstrated, flow cytometry is able to quantify antibody binding better with increased cell surface Env expression. Similarly, microscopy-based experiments would be better able to visualize Env, as lowly expressed proteins/receptors are hard to detect. 14 Cell to cell infection/fusion might also increase as a result of increased Env, as virological synapses form between CD4 and Env. 33 The last 5 years have exposed new roles for Env, including its recruitment to the surroundings of Gag assembly sites, dependent on the presence of its cytoplasmic domain. 14 As we learn more about Env and the multiple roles it plays besides entry in HIV infection, the more crucial it is to be able to study this glycoprotein in its native form. Expressing native Env on the surface of 293T cells will allow for more precise assessments of Ab binding, epitope exposure, and Env structure, all of which will contribute to designing more effective vaccines and immunotherapeutics. 
